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Abstract
Through in-class observations of teaching assistants (TAs) and students in the lab sections of
a large introductory physics course, we study which TA behaviors can be used to predict student
engagement and, in turn, how this engagement relates to learning. For the TAs, we record data
to determine how they adhere to and deliver the lesson plan and how they interact with students
during the lab. For the students, we use observations to record the level of student engagement
and pre- and post-tests of lab skills to measure learning. We find that the frequency of TA–student
interactions, especially those initiated by the TAs, is a positive and significant predictor of student
engagement. Interestingly, the length of interactions is not significantly correlated with student
engagement. In addition, we find that student engagement was a better predictor of post-test
performance than pre-test scores. These results shed light on the manner in which students learn
how to conduct inquiry and suggest that, by proactively engaging students, TAs may have a positive
effect on student engagement, and therefore learning, in the lab.
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I. INTRODUCTION
A. Background
In science courses at the university level, teaching assistants (TAs) take on a variety of
roles and are integral to the successful delivery of many courses.1 These roles range from
marking assignments and proctoring exams to facilitating laboratories and leading tutorials.
In large-scale courses, as are typical for first-year undergraduates at large universities, TAs
are especially important for learning,1 as in many cases they serve as the sole instructors in
the smaller lab or tutorial sections.
Given the large amount of responsibility TAs have in these courses, the question becomes,
what effect do the TAs have on student learning? In this study, we focus on two questions of
interest: How do TA behaviors in the lab affect student engagement and, in turn, what is the
relationship between this engagement and learning in the physics lab? (See Figure 1.) As
explained further below, our focus on student engagement stems from the fact that engage-
ment has been found to be a significant predictor of learning.2,3 Studying these relationships
will contribute to an understanding of the wider question of how TAs affect students and
student learning in the classroom and may provide evidence for the effectiveness of particular
instructional strategies.
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FIG. 1. A simplified model of the TA–student relationship. Each bubble is hypothesized to influ-
ence the bubbles immediately next to it. In this paper, we evaluate the correlational links between
‘TA teaching style and behaviors’ and ‘student engagement’ and between ‘student engagement’
and ‘student learning’. The results are summarized in Figure 3.
Clearly, there are many other factors, not included in the model of Figure 1, that influence
student engagement and learning. For example, it may be that a student is very motivated in
a particular course due to a personal interest in the material and not because of the actions
of the TAs. Also, TA behaviors may affect learning directly, not through engagement. For
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example, an enthused or clear TA may be more effective. Despite these limitations, this
model conveys a simplified representation of the relationship between TAs, students, and
learning that is the focus of our current investigation.
We undertake this study in the lab sections of a transformed large-scale first year algebra
based physics course. We begin by reviewing existing literature on TA behaviors and student
engagement and providing further motivation for this work. We then describe the context
for our investigation and outline the experimental design. Following the results, we discuss
the implications for TA training in first-year large enrolment labs.
B. Literature review and motivation
Research has clearly shown that variations in TAs’ beliefs and attitudes influence their
behavior as an instructor.4–11 Subsequently, recent studies have examined the behaviors of
TAs, reporting for example on who initiates TA–student interactions12 and the variations in
the types, frequencies, and lengths of TA–student interactions that occur.13–15 Despite this
focus on the actions of TAs and instructors, the literature has not yet made connections
between these behaviors and the student learning process and outcomes. In this study, we
seek to understand the potentially important effect of these different TA modalities (such
as interaction lengths and whether or not the TAs initiate interactions) on students in the
physics lab, thereby addressing this open question.
Student engagement in college classrooms may be conceptualized as “the time and effort
students devote to activities that are empirically linked to desired outcomes of college.”16
Engagement of this general type has been shown to be positively linked to grades and
persistence in undergraduate students.2 The above definition of engagement includes many
dimensions17 and applies across the spectrum of undergraduate experiences. To define en-
gagement in the context of the physics lab, we focus on the dimension of being on task.
Thus, we define an engaged student as one that is visibly focussed on and occupied with the
lab activity. This type of engagement has been shown to positively correlate with learning
and grades in the lecture,18,19 in the use of intelligent tutoring software,20 and in general.3
Student engagement, as defined here, is a variable which only exists during class time. As
our unit of observation for both TA behaviors and student engagement is then the single
lab period (see section II), this allows us to evaluate the possible impact of TAs on students
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at the same level. The importance of engagement for learning and the practical considera-
tion of evaluating a student outcome in the single lab period motivate our focus on student
engagement.
The second question in our study investigates the relationship between engagement, as
defined above, and learning. The lab in which this study is undertaken is a hands-on inquiry-
based lab. Then, in order to learn, students are expected to engage with the lab content,
as there are no other opportunities for them to participate in the learning activities (for
example, through lecture notes at home). We therefore hypothesize that in this context
engagement will be correlated with learning. Results connecting engagement with learning
in this specific situation will help to understand the effect of TA behaviors on student
learning and contribute to the existing literature, reviewed above, on the general positive
relationship between student engagement and learning.
II. METHOD
A. Design
This study took place in the lab sections of a large-scale first year physics course. Within
the inquiry-based lab, in which the TAs are the sole instructors, we look in particular at two
aspects of TA teaching style and behaviors: how the TAs adhere to and deliver the lesson
plan21 and how the TAs interact with students during the work session. The specific TA
behaviors we record (in italics) are as follows:
• How the TAs adhere to and deliver the lesson plan.
1. Behaviors outside of the standard TA script.
• How the TAs interact with students during the work session.
2. Number of interactions.
3. Who initiates the interactions.
4. Length of interactions.
Our main strategy for data collection was to perform observations of the lab. From an
unobtrusive vantage point at the back of the lab room, observers were able to record data
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on the TA behaviors listed above.
This study further evaluates two student factors: engagement and learning. We define
an engaged student as one that visibly has their attention focussed on the lab activity. As
behavioral measures are often more reliable than self-reports,22,23 we measure engagement
through observations. By periodically circulating the room, observers measured snapshots
of student engagement in the lab. As discussed in more detail in section II C 1, strategies
to minimize the disturbance of the observations on the classroom were utilized. The obser-
vations were completed during one lab session in a typical week in the middle of the term.
Finally, learning was measured by giving students a lab exam on the first and last weeks of
the term.
B. Participants and description of lab
We undertake this study in Physics 100, a first-year introductory physics course at the
University of British Columbia (UBC), a large research-intensive university. 713 students
were spread between 17 lab sections. The students in this course are primarily in the life
sciences and, for most of them, this will be their only physics course. In addition, the
majority of the students are first-year first-term university students.
The lab portion of Physics 100, which consists of weekly sessions, each 80 minutes in
length, has been extensively revamped in recent years to utilize an inquiry-based approach.
The learning goals for the lab are aimed at the development of a general set of scientific
and data analysis tools rather than being focused on content knowledge. A typical lab
begins with an introduction and a set of clicker questions, followed by an extended period
of students working in pairs, before ending with a summary discussion and another set of
clicker questions. The average number of students in each lab was 39 while the largest and
smallest sections had 46 and 25 students in them.
During the observation week, the main task of the lab was to collect and extrapolate a
data set in order to make a prediction for a future experiment. By measuring the time it
took a coffee filter to fall to the ground from heights below 1 metre, students had to predict
the time it would take for the coffee filter to fall from a height of 2 metres. To complete
this inquiry-based activity, students were required to design and carry out an experiment
that would allow them to predict the falling time from the desired height, for example by
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performing a linear fit to data for various heights below 1 metre. Once each pair of students
had made a prediction, one TA would perform (or get students to perform) the experiment
at the height of 2 metres while the other would collect the predictions from each group. We
define the ‘student working period’ in the lab as the time during which students are working
to make their predictions, beginning after the introduction and ending once the TAs begin
performing the experiment at a height of 2 metres or soliciting student predictions. The lab
ended with a discussion comparing the predictions to the measured results.
In Physics 100, the TAs are the instructors in the lab, having full control of the section.
We exclude one of the lab sections from our analysis, because in the observation week there
was a replacement TA, as lab norms that may have been established with the regular TA
may have been different than the results of our observations. A group of 10 TAs, consisting
of 9 males and 1 female, facilitated the 16 remaining lab sections in pairs. Each pair of TAs
were assigned to 2 consecutive lab sections, and each TA was assigned to 2 or 4 sections.
A TA assigned to 4 sections then taught two different instances of consecutive labs, with
a different TA partner for each instance. The TAs attended weekly meetings in which the
upcoming lab was reviewed.
6 of the 10 TAs were first-year graduate students at UBC and had no prior teaching
experience, while 2 TAs had more than one year of TA experience at UBC. The TAs ranged
in age from 22 to 28, with a median age of 24. Upon beginning graduate school at UBC,
each of the first-year TAs underwent an 8 hour TA Professional Development Workshop in
addition to a 3 hour Physics 100 specific workshop.24
C. Data collection and analysis
1. Data collection
To observe the TAs, we developed the TA observation form (appendix B) to record a
timeline of the TAs’ activities during the lab. On the form, we identified three main TA
behaviors:
1. ‘Talking to class’: The TA is addressing the entire class (for example, leading a class-
room discussion).
2. ‘Inactive’: The TA is not available to students (for example, the TA may be out of
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the room or talking to the other TA).
3. ‘Active’: The TA is either helping students or is available to help students.
Under the ‘Active’ category, the number, length and initiator of interactions with students
was recorded. In addition, our form allowed us to record other section data, including the
progression of the lab (through the introduction, clicker questions, etc.). A category titled
‘extras’ was used to record any TA behavior that was outside of the main script of the lab.
(See appendix C for a list of extra behaviors recorded.) A completed TA observation form
allows us to see what the TA was doing at each moment during the observed lab.
To measure student engagement, we adapted the Baker-Rodrigo Observation Method
Protocol,25,26 developing the On/off task form (appendix D). This form consisted of a spatial
map of the lab with empty squares to represent student positions at each lab bench. To fill
out the form, the observer looked at the lab bench. If a student was on-task, as judged by
the observer at a glance, a check-mark was placed in the corresponding square on the form
while if a student was off-task, an ‘x’ was placed in the square. Some clues observers used
to assign the binary engagement value to each student include whether or not the student
was involved in an off-task behavior and whether students were attending to their partner
and their task through eye contact, body position and verbal cues. For example, a student
that appeared to be writing on their lab worksheet was judged as on-task and a student
that was looking at their cell phone was marked as off-task. The On/off task form was
completed at intervals of ten minutes during the lab, giving snapshots of the engagement
level of the class. The fractional engagement for a snapshot is defined as the number of
on-task students (number of check-marks) divided by the total number of students present
in the section. Both the TA observation form and the On/off task form underwent iterative
design.
Four observers observed 7-9 sections each. Two observers observed each lab section,
with each observer documenting the actions of one TA. A set of practice observations were
undertaken prior to the observation week and used to confirm inter-rater reliability. During
this 15 minute practice observation, all four observers recorded 90-93% agreement on the
number of interactions (12.5±1.3 recorded interactions) and the number of short interactions
(less than one minute long) (11.0± 0.8). Far fewer long interactions (1.5± 0.6) and ‘extra’
off-script TA behaviors (2.0± 0.8) were recorded and as such these categories did not show
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as good of an agreement. One snapshot of the student engagement level of the class was
taken, giving a fractional student engagement of 0.87± 0.06 between the observers, showing
agreement of 93%. All disagreements between the observers were on two benches which
appeared off-task by two of the observers but on-task by two other observers. Therefore,
there is agreement within the observers on which benches were off-task and it appears that
most of the variability in fractional engagement is due to the differences in the precise time
at which the students were observed. We expect that such effects will be mitigated by
recording multiple snapshots.
To record data on the TA observation form, the observers watched the TA from an
unobtrusive vantage point at the back of the classroom. In order to not interfere with the
lab, observers made a conscious effort to not talk or interact with the TAs or students
in the lab. Further, the TAs were told only that the observers would be observing the
classroom. They were not told that the observers would be recording specific data about
the TA, nor were they told that the observers were not. We note also that these labs were
often observed by visitors who were unfamiliar to most TAs and students. These design
choices were made so that the effect of observers is not different from other observers who
frequently attend the lab, and thus should not affect the natural behaviors of students or
TAs. Due to the observation style, any data about the style, content and quality of the
TA–student interactions is outside the scope of this study. To complete the On/off task
form required the observer to move from the back of the lab room, in order to properly
observe the engagement of the students. Typically, the observer would take 1-2 minutes to
walk around the classroom and fill out the form, again consciously avoiding interactions with
students and TAs. To avoid an effect in which students in the lab might be motivated to
appear to be working if they feel like they are being observed, the observers made an effort
to observe the students discreetly. One strategy in this regard, previously used by Baker et
al,25,27 was to stand near one lab bench while observing a different bench.
To evaluate the relationship between engagement, interactions and learning, we evaluated
student learning using pre- and post-lab exams. The lab exams were given during the first
and last week of the lab. The exams were adapted from the Concise Data Processing
Assessment28 and Lawson’s Classroom Test of Scientific Reasoning.29 The tests were given
without prior notice. All items were multiple choice, as shown in appendix E.
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2. Analysis
We compiled the TA data to give results on a per-lab basis, as student engagement is
expected to be a product of the behaviors of both TAs in a section. For the number of
TA–student interactions and the student engagement measurements, we use data from the
‘student working period’ only. This is the only period during the lab in which these measure-
ments are defined and relevant. In addition, from the perspective of the TAs, this ‘student
working period’ is rather free-form. Within the main goal of supporting the students’ activ-
ities, differences in TA facilitation style are expected to manifest themselves as different TA
behaviors during this time. Since the time each lab section spends in this ‘student working
period’ varies, in order to compare across sections the number of TA–student interactions
are normalized by the length of the section’s ‘student working period’, giving a frequency
of interactions. The calculation of this frequency takes into account moments in which ob-
servers were not observing due to a variety of reasons. (Usually, this was due to observers
completing the On/off task form.)
The length of interactions and the frequency of interactions are interdependent, as the
longer the interactions are, the fewer interactions one has time to do. In order to disentangle
the effect of the length of interactions from the number of interactions, we look at the ratio
of short to long interactions, which gives a unit-less measure that does not depend on
the frequency of interactions. Through the 16 sections, 564 TA–student interactions were
recorded. Of these, 391 were less than a minute. Therefore, we have taken interactions
lasting greater than or equal to a minute to be ‘long’, with interactions lasting less than a
minute being ‘short’.
We recorded the number of behaviors outside of the standard TA script through the entire
lab.
In these labs, it is customary to move on only when all students have completed the
task, so that there is typically some down time for quick students. It is important that we
measure engagement during the time in which students choose to be on task, before students
have finished their lab activity. We restrict the engagement results to the relevant part of
the ‘student working period’ by taking only the first three student engagement snapshots
recorded. These three snapshots span a time of 19.6± 3.3 minutes.
Finally, we have the student learning data. As we combine TA data by section, we average
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the lab test performance across all students in each section. Overall, students improved
significantly on test items that were shared by the pre- and post-tests. Pre-test: 66%± 5%;
post-test: 76%± 4%. t(15) = 10.1, p < 0.0001.
D. Limitations
One of the main limitations of this study is that the observational data is restricted
to a single lab. This is especially challenging for examining the link between engagement
and learning, as we correlate measures from a single snapshot (student engagement) with
outcomes of the overall lab course (student learning). Thus, our study does not take into
account the week-to-week variations that occur in many important factors, such as TA
behaviors, lab style, student attitudes, etcetera. In the context of this study, these variations
would likely introduce random noise and weaken possible relationships. Finding a significant
correlation between engagement and learning in this highly noisy environment, as we do
below (section III B 2), thus provides evidence that such a relationship does exist. It would
be very interesting to study classroom engagement over the course of a semester to provide
more information about the possible connection between our single lab observation and
semester-long trends. Such study would help to confirm or refute the results presented here.
Another important limitation is our inability to access more fine-grained information
about the style and content (and quality) of TA–student interactions. It would be expected
that the quality of interactions plays a large role in determining the student response to the
TAs. In addition, evaluating the content of the interactions would provide important data
about which types of interactions are useful for student learning. For example, does a TA
who is sympathetic to students’ thinking provide better support for learning?30 To collect
this data would either require the observers to be more intrusive, which would complicate the
analysis, or necessitate the use of more advanced technology (i.e video and audio recording),
both of which are outside the scope of our study.
A final concern in our design is the possible presence of an observer effect in the student
engagement data, as students may tend to make sure they appear to be working if they feel
that someone is watching them. The average engagement level through the three engagement
snapshots used in our results is very high, at 88%, and the range is from 67% to 99%. Any
observer effect would push engagement numbers higher, tending to minimize the differences
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in the data and washing out the effect. Thus, we expect that our method of collecting
engagement data is sufficient and that any correlation between the number of TA–student
interactions and engagement will be robust.
III. RESULTS
A. Descriptives of TA teaching style and engagement results
TABLE I. The time spent in each stage of the lab for all 16 observed sections. The ‘student working
period’, during which students were working in pairs to complete the activity, was the longest stage
of the lab.
Lab stage Mean (m) σ (m)
Discussion of previous homework 7.9 3.1
Introduction and first clicker questions 11.3 2.7
‘Student working period’: Students working to make predictions 32.0 6.3
TAs perform experiment, class discussion and final clicker questions 26.3 6.6
We observed a high amount of variability between the 16 lab sections, as summarized
in Tables I and II. This wide variation in TA style is evident in the recorded number of
behaviors outside the standard TA script (9.4±4.6). The number of interactions per minute
across the sections was 1.31 ± 0.42. 365 (or 65%) of the 564 interactions were initiated by
the TAs,31 while the rest (except for 23 interactions with no marked initiator) were initiated
by students. Lastly, the ratio of short to long interactions was 2.8 ± 1.3; the majority of
interactions were less than 1 minute long.
The student engagement results show a very high fractional engagement, at 0.88± 0.08,
through the first three engagement snapshots.
11
TABLE II. TA behavior data descriptives.
TA behavior Mean Max Min σ
(# of) behaviors outside of the standard TA script 9.4 22 4 4.6
Number of interactions per minute 1.31 2.33 0.51 0.42
Fraction of interactions initiated by the TA 0.63 0.92 0.39 0.16
Ratio of short (< 1 minute) to long (≥ 1 minute) interactions 2.8 5.25 0.46 1.3
TABLE III. Correlation of TA behaviors with student engagement. At an α level of 0.05, the
frequency of interactions and the frequency of TA-initiated interactions give the only statistically
significant correlations.
TA behavior r(14) p
(# of) behaviors outside of the standard TA script -0.11 0.66
Number of interactions per minute 0.52 0.03
- Frequency of TA-initiated interactions 0.49 0.04
- Frequency of student-initiated interactions 0.052 0.84
Ratio of short (< 1 minute) to long (≥ 1 minute) interactions -0.10 0.70
B. Correlations
1. Correlation of TA behaviors with student engagement
We correlated student engagement with each of the TA behavior variables, using an α
level of 0.05. These results are shown in Table III. As shown in Figure 2, the frequency of
interactions between TAs and students was a positive and significant predictor of student
engagement: r(14) = 0.52, p = 0.03. r2 = 0.27, suggesting the 27% of the variability in
student engagement per section is explained by the frequency of their interactions with TAs.
In addition, the frequency of interactions initiated by TAs is significantly correlated with
engagement, r(14) = 0.49, p = 0.04. The frequency of interactions that were initiated by
students is not correlated with engagement: r(14) = 0.052. The other variables were not
significantly correlated with student engagement.
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FIG. 2. Fractional student engagement versus number of TA–student interactions per minute
during the ‘student working period’ in the lab. The frequency of interactions is positively correlated
with engagement: r(14) = 0.52.
2. Correlation of student engagement with learning
To evaluate the relationship between student engagement and learning, we calculated
the partial correlation with the post-test, controlling for performance on the pre-test. The
measure of engagement is significantly correlated with learning: partial-r(13) = 0.56, p =
0.03, r2 = 0.31. Thus, 31% of students performance in the lab can be explained by their
engagement (as measured in a single session). Performance on the pre-test by itself is not
significantly correlated with post-test scores: r(14) = 0.32, p = 0.23.
IV. DISCUSSION
A. Discussion of results
Of the TA behaviors described in section II and monitored in our study, only the number
of interactions per minute has a significant correlation with student engagement. Inter-
estingly, the correlation between interactions and engagement is explained solely by TA-
initiated interactions. The rate of student-initiated interactions had no relationship with
engagement, while a high rate of TA-initiated interactions is strongly associated with in-
creased engagement. Finally, we found a significant correlation between engagement and
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FIG. 3. The main results of our study. We found significant positive correlations (denoted by
a solid line) between: i) the frequency of TA–student interactions (a product of ‘TA teaching
style and behaviors’) and student engagement (r(14) = 0.52); ii) student engagement and student
learning (partial-r(13) = 0.56, controlling for pre-test). The correlation between the frequency of
TA–student interactions and engagement is explained solely by TA-initiated interactions, implying
that it is the TAs that are driving student engagement (indicated by a unidirectional arrow).
learning in this inquiry-based lab. Our results are summarized in Figure 3.
While our observations are correlational and not causal, suggesting potential explanations
for these correlations is of interest. Interactions may positively contribute to motivation and
engagement by satisfying students’ needs and enabling their success. Also, interactions may
reduce disengagement due to a policing effect. The fact that interactions were related to
engagement only when initiated by TAs suggests that the relationship is not due to student
factors such as intrinsic motivations. Instead, it seems that TA behaviors are the ones that
increase engagement, whether perceived as a carrot (due to the given assistance) or a stick
(due to their policing effect).
The dependency of the results presented above on the inquiry nature of the lab is of
interest. We hypothesize that the correlation between interactions and engagement is not
specific to an inquiry-based approach. Our two main inferences, that interactions allow
students’ needs to be met and that the policing effect of interactions reduces disengagement,
are expected to also be valid in a traditional style lab. Compared to an inquiry-based lab,
the needs of the students would likely be different in a traditional lab. However, interactions
would still allow the TAs to support the students as they work through the lab. Therefore,
we speculate that the correlation between interactions and engagement may be generalizable
across settings. In contrast, the correlation between engagement and learning may be specific
to the inquiry-based lab. In such a lab, students are responsible for generating their own
knowledge. If designed properly, there is no avenue for students to learn in the lab without
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thinking about the process and reflecting on the results, as may be possible in a traditional
lab.
It is interesting that the length of interactions does not correlate with the engagement
of the students. Although it might be expected that longer interactions would be more
positive, as they may be able to better satisfy the students’ needs and help the students
to feel invested in, our results provide no evidence to support this claim. This suggests
that a brief stop by the TA is as effective as an in-depth interaction in keeping students
engaged in the lab. A possible explanation is that by initiating a short interaction, the TA
opens the door for deep questions from the students, in a sort of ‘ventilation effect’. In this
scenario the length of the interaction is not an outcome of TA style, but rather, an adaptive
behavior based on students’ needs. Then, the length should not affect engagement, as indeed
suggested by the data. However, further study is necessary to discern the true effect, if any,
of the length of interactions.
The number of off-script TA events does not correlate with student engagement in the
lab, even though one might expect that this sort of adaptive instruction might help students
to have the tools they need to work through the lab.32 It could be that off-script behaviors
might not be personalized enough to motivate the general student. However, it is more likely
that our category was too coarse-grained and that only certain types of adaptive instruction
have an effect on student engagement. A more detailed study, with the ability to distinguish
different types of off-script behaviors, is necessary to establish the specific adaptive behaviors
that benefit students.
In addition to the hypotheses tested above, our observations show interesting general
results about how TAs spend their time in the class. We observed a large variability in the
number of interaction and the number and type of off-script behaviors. In addition to these,
there was a substantial variation in the progression of each lab section. It is clear that there
are meaningful differences in the facilitation style of different TAs and that these differences
are an important factor in determining student engagement and learning.
B. Conclusions and implications
The correlation of the frequency of TA-initiated interactions with student engagement is
an important first step in studying the effect of TAs on student outcomes in a lab course.
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The results presented here establish a direct relationship between TA behaviors (initiating
interactions) and the student response (engagement), thereby demonstrating that variations
in TA facilitation styles do have an effect on students and identifying a particular example of
this effect. Furthermore, the positive correlation between student engagement and learning
in this lab shows that this effect is (indirectly) related to student learning.
In addition to better understanding the effect of TA teaching style on student engagement
and learning, results from this study inform and support TA professional development efforts
in order to encourage more productive tutoring styles. The positive correlation between TA-
initiated interactions and student engagement (and, in turn, the positive correlation between
student engagement and learning) suggests that TAs should proactively engage with many
students. Since the length of interactions was not found to affect the engagement of students
in this course, it is possible that just saying ‘Hello, is everything okay?’ may be as useful as
a lengthy discussion in keeping students on task. In our opinion, a more likely explanation
is that such short interactions are useful in keeping an eye on student needs and enabling a
‘ventilation effect’, giving students an opportunity to access the TAs and opening the door
for student questions that turn these brief exchanges into long and meaningful interactions.
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Appendix A: TA copy of lab
In this section, we provide the first three pages of the TA version of the lab worksheet in
the observation week. The student version excludes the ‘TA guidelines’ column on the right
of the page.
P100 Expt.7, Fall 2012, University of British Columbia  - 1 - 
PHYS 100 EXPERIMENT 7 (week 8) 
Predictions 
 
Name: _______________________ Student #: _____________ Section: ____ Date: __________ 
 
    
Overview: 
- Going over HW (5 min) 
- Introduction (10 min) 
- Data collection (25 min) 
- Make predictions (20 min) 
- Test predictions (10 min) 
- Summary (10 min) 
 
TA Guidelines 
Introduction (10 min, entire class)  
So far our conclusions were applicable only to situations we tested. For example, 
we know our own walking speed for the terrains we checked, but cannot predict 
our walking speed on a new terrain. Today we will try to extend our conclusions 
to data that was not collected yet. To do that, we will learn to make predictions 
outside the range of the available data. 
 
Can you think of situations in which collecting data is difficult and predictions 
are required? 
Present the question to 
students. Examples: 
- Testing small models 
before testing the real 
thing (e.g., planes) 
- Testing in normal 
conditions before 
extremes (temperature, 
velocity, etc). 
- Predicting events in the 
future or the past (e.g., 
the big bang). 
Topic: Making predictions. 
 
 
☞clicker 1: Look at the two graphs that you made for homework. What can you 
say about the temperatures between 1961-2010, compared with the temperatures 
between 1881-1930? 
A. They increased more rapidly 
B. The increased at the same rate 
C. They increased at a slower rate 
D. They did not increase 
E. Can’t judge without error bars. 
 
 
The following graphs show the same data that was given to you for your HW. 
 
The answer is A, they 
increased more rapidly.  
 
Show that: 
a. the temperatures in 
both periods increased 
(the line has a positive 
slope). 
b. The temperatures 
now increase more 
rapidly (the slope is 
steeper). 
 
If >80% got the clicker 
right, don’t waste time 
on this and move on.  
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☞Clicker 2: Based on data from the last 50 years, what will be the temperatures 
in 2050? 
 
A.13.9-14.7 
B.14.7-15.1 
C.15.1-16.5 
D.15.5-15.9 
E. 15.9-16.3 
 
 
 
The purpose of this 
clicker is to show 
students that prediction 
is hard, and to motivate 
the lab.  
 
 
Give students 2 minutes 
to work on this. 
 
 
Show how you use the 
trendline to make a 
prediction. Do it in 2 
minutes. They will do it 
later for data they 
collect.  
 
 
Problem set up 
As most of you may have heard, on Oct 14, 2012, Felix Baumgartner jumped 
from a height of 39 kilometers (24 mi), reaching an estimated speed of 1,342 
kilometers per hour. He free-fell for 4 minutes and 19 seconds, and then opened 
his parachute and gilded down to earth. 
   
 
It is obvious that his calculations and testing needed to be accurate….  
 
Since testing parachutes under realistic conditions was impractical, Baumgartner 
and his team had to test the parachute from lower heights, and make predictions 
for the full height.  
 
You are in charge of the initial testing. The initial testing will use a model: 
instead of the actual parachute, you will test a stack of two 
coffee filters (see image). Your task is to predict how long it 
will take the coffee filters to fall from 2 meters. However, 
you can only test them at 1 meter or below.  
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Tasks 
 
Task 1: Data collection (25 min, groups of 2) 
 
On the bench you can find coffee 
filters. Stack two coffee filters. 
This is your model-parachute.  
 
Your research question is the 
following: 
How long will it take the model 
parachute to fall from 2 meters? 
 
Collect data that will help you 
determine that. You can only 
collect data from the height of 1 
meter (bench height) or below.  
 
Drop the filters facing up, as in the 
image above, and not facing down 
(that is, they should look like a 
bowl, not a hat). When facing up, 
their velocity is more consistent 
and measurements are more 
accurate.  
 
You need to collect enough data to 
make predictions: 
 
- How many heights will you collect data from? Which heights will you choose? 
 
 
 
 
 
 
- How many measurements will you take in each height?  
 
 
 
 
 
 
A hint: the answer is not straightforward. Twice the fall from 1m will not give 
you the fall from 2m.  
 
Document your measurements on the other side of this page. 
 
 
 
 
 
 Groups of 6 can exchange 
ideas, but predictions 
should be made in groups of 
2, so insure that everyone is 
working. 
 
 
 
Encourage at least 3-4 per 
height 
FIG. 6.
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Appendix B: TA observation form
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FIG. 7. The TA observation form. To complete the form, the observer shades in the areas of the
timeline corresponding to the TA’s actions during the lab, giving a record of the TA’s behaviors
during the lab.
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Appendix C: Recorded TA behaviors that were outside the script of the lab
Here, we give a list of the distinct TA behaviors that were noted as ‘extras’ by the
observers.
• Interrupted class to make announcement.
• Gathered class at the front chalkboard.
• Pointed out error in handout by using overhead.
• Going over method of solving clicker.
• Asked other TA question in front of everyone to spark explanation.
• Using chalkboard to explain previous week’s homework.
• Asking questions to students during the explanation.
• Asking students if material is clear.
• Students discussing clicker questions with peers.
• Soliciting student responses in a class discussion.
• Using chalkboard for an explanation in an individual interaction.
• Explaining clicker question at chalkboard.
• Working on overhead to show predicted versus average.
• Other TA comments during class discussion.
• TA jumps in while other TA is leading a discussion.
• Showed video clip to motivate lab.
• Banter with TA partner during class discussion.
• TA says to class: ‘Today is my favorite day. I hope it’s yours too.’
• Impromptu discussion with the chalkboard about some student questions.
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• Playing music during the lab.
• Used projector.
• Used Matlab.
• Brief Excel tutorial on computer.
• Gave students 30 seconds to individually discuss a question during a classroom dis-
cussion.
• Using in-class cameras.
• Referring to material shown on projector.
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Appendix D: On/off task form
On/off	  task	  observa/on	  form	  
Observer:	  
Sec/on:	  
Date:	  
Time:	  
Front	  
Key:	  	  	  -­‐	  On	  task	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -­‐	  /me:	  	  	  	  	  	  	  	  	  	  min	  
	  	  	  	  	  	  	  	  	  	  -­‐	  Off	  task	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -­‐	  /me:	  	  	  	  	  	  	  	  	  	  min	  
	  	  	  	  	  	  	  	  	  z	  	  	  -­‐	  Zoned	  out	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -­‐	  /me:	  	  	  	  	  	  	  	  	  	  min	  
	   	  -­‐	  No	  student	  
FIG. 8. The On/off task form. The form is a spatial map of the lab on which the observer records
student engagement. Each form allows three snapshots of engagement to be recorded.
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Appendix E: Example questions from the lab exam
These are three example questions from the lab skills exam given during the first and last
week of the lab.
1. Three environmentalists want to evaluate whether summers in Vancouver got warmer
during the 20th century (1900-2000). They can choose one of the following data sets.
Which data set should they analyze?
(a) 1980, 1985, 1990, 1995, 2000
(b) 1906, 1907, 1908, 1909, 1999
(c) 1900, 2000
(d) 1920, 1940, 1960, 1980
2. John and Lesley measured the length of the corridor in their dorms. Each of them
measured the distance three times: John measured: 10 m, 85 m, 43 m. Lesley mea-
sured: 43 m, 45 m, 44 m. Which of the following values is the closest to the actual
length of the corridor?
(a) 43 m, the only result that repeats more than once.
(b) 44 m, the average of Lesley.
(c) 45 m, the average of all values
(d) 46 m, the average of John
(e) 47.5 m, the middle between the lowest (10) and the highest (85)
3. Dave and Jill measured the friction coefficient between two blocks of the same material.
According to the textbook, the coefficient for two pieces of wood is 0.4. They argued
how many times they should measure the coefficient until they can stop measuring.
Which of the following answers is most correct?
(a) After they receive the same values twice.
(b) When they notice that results converge to a single range.
(c) After two measurements.
(d) When they receive 0.4.
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